The aim of this study was to evaluate the influence of toxic cyanobacterial water blooms on blood indices in the Nile tilapia (Oreochromis niloticus). Experimental fish were exposed to natural cyanobacterial water blooms (consisting mainly of Microcystis aeruginosa and M. ichthyoblabe) which contained microcystins (total concentration 1187 -1211 µg·g 1 of dry weight and 17.4 -25.4 µg·l 1 of water) for 28 days without additional feeding. Control groups of fish were kept in another pond without apparent cyanobacterial bloom formation. Experimental and control rearing ponds had the same water source. After exposure, fish were placed in dechlorinated potable water for the same period.
1998; Li et al. 2004) in different fish species. Intraperitoneal exposure to microcystins or lysates of cyanobacterial biomass applied orally cause significant changes of biochemical indices, red blood cells and activities of plasma enzymes. MCs cause liver tissue damage in fish demonstrated by the significant increase in alanine aminotransferase (ALT), aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) (Rabergh et al. 1991; Vajcova et al. 1998; Navratil et al. 1998) .
The rate of increase of LDH, ALT and AST depends on the route of administration, characteristics of the material, and the amount of toxin. Fish exposure to media containing dispersed MCs demonstrated that toxic effects are time-delayed. The toxic effect after oral administration is approximately 10 times weaker than after the intraperitoneal administration (Carbis et al. 1997) .
It is difficult to observe the long-term impact of cyanobacteria containing microcystins at lower concentrations in individual fish. Therefore, it is more useful to evaluate more individuals in a fish population. The measurement of aminotransferases (ALT, AST), bile acids, bilirubin, sodium and chloride from the blood serum is recommended (Carbis et al. 1996) . Biochemical indices of blood in fish may be affected by many endogenous and exogenous factors. The changes of haematological and biochemical indices in fish could be caused either by MCs or other chemical factors (Kopp and Hetesa 2000; Luskova et al. 2002; Pepeljnjak et al. 2003) , nutrition (Serpunin 1995) and stress (Dobsikova et al. 2006) .
In tilapia fish, microcystins induce oxidative stress in a time-dependent manner under laboratory conditions Prieto et al. 2006; 2007) . Atencio et al. (2009) and Prieto et al. (2008) investigated the role of selenium and vitamin E supplementation, respectively, on the oxidative stress and histopathological changes induced by cyanobacterial cells containing microcystins in tilapia fish. The effects of low and repeated doses of microcystin LR from cyanobacterial cells on the enzymatic activities of ACP and ALP were investigated also underlaboratory conditions by Molina et al. (2005) . ACP and ALP activities changed in a time-dependent manner and these changes were more evident in liver and kidney. No influence on the biochemical indices was noted.
All the above mentioned studies with tilapia fish were conducted under laboratory conditions. The aim of this work was to study in natural conditions the effects of a natural cyanobacterial population with known amounts of microcystins on biochemical indices of the Nile tilapia (Oreochromis niloticus).
Materials and Methods

Experimental fish
Nile tilapia (Oreochromis niloticus) specimens obtained from a single artificial stripping (Fishpond Tisova, Czech Republic) were used for the experiment. These fish measured 211 ± 14 mm in length, and had an average body weight 171 ± 34 g. The fish specimens were acclimatised for 1 week before the start of the study in a small pond without cyanobacteria. They were caged and exposed (100 fish) to cyanobacterial bloom which naturally developed in the breeding pond for 28 days during the months of August to October, 2006. In parallel, control group (100 fish) of fish were also kept in another pond without apparent cyanobacterial bloom formation. Fish were reared under natural conditions without additional feeding. After exposure, they were placed in pure water for the same period of time (i.e., 28 days) in two 1000-l tanks containing dechlorinated drinking water. Fish were exposed to a 12 h light/12 h dark photoperiod, and the tank water was changed daily. Properties of water in breeding ponds (given for experimental and control group, respectively) were as follows: water temperature 17.8 ± 1.3, 17.9 ± 1.3 ºC; dissolved oxygen 93 ± 32, 114 ± 35 %; pH 8.2 ± 0.6, 8.5 ± 0.8, ammonia 0.22 ± 0.06, 0.18 ± 0.12 mg·l -1 N-NH 4 . Properties of pure water were as follows: water temperature 26.7 ± 0.2; dissolved oxygen 60 ± 10%; pH 7.3 ± 0.2; ammonia 2.0 ± 1.5 mg·l -1 N-NH 4 . Water saturation by oxygen, temperature and pH were measured by a WTW Oxi 340i dissolved oxygen meter and a WTW pH 340i pH meter (WTWGmbH, Germany). Ammonium ions were determined by the Nessler method and nitrites using the N-(1-naphthyl)-ethylenediamine method (APHA 1981) .
Phytoplankton and microcystins
Cyanobacterial and algal biomass was evaluated every week by total chlorophyll a concentrations (ISO 1992) and by the number of cells counted in the Bürker's counting chamber. Cyanobacterial biomass (dominated by coccal Microcystis aeruginosa and M. ichthyoblabe) estimated by the chlorophyll a cell concentration varied from 65 to 206 µg·l -1 (169-971 × 10 3 cells in 1 ml) in the experimental pond. The algal biomass (dominated by chlorococcal green algae), also estimated by the chlorophyll a cell concentration, varied from 5 to 203 µg·l -1 (1.5-107 × 10 3 cells in 1 ml) in the control pond. Concentrations of total microcystins in the cyanobacterial and algal biomass were determined by a previously published method using HPLC (Agilent 1100 system, Supelcosil ABZ+Plus C18 column; Agilent Technologies Inc., Santa Clara, CA, USA) coupled with a photodiode array detector (Blaha and Marsalek 2003) . The concentrations of microcystins in the experimental pond were 1187 -1211 µg·g -1 of DW biomass and 17.4 -25.4 µg·l -1 of water. The concentrations are rather comparable with microcystin levels from other ponds in the Czech Republic (Marsalek et al. 2001 ).
Haematological and biochemical indices
Sampling of fish was conducted at the start of the experiment and then on an every-seventh-day basis during and after the exposure. Immediately after catching the fish (10 experimental and 10 control ones in every weak) from a pond or tank, blood samples were collected. Fish blood was taken by cardiopuncture using heparinised syringes. Heparin at a concentration of 50 I.U. per 1 ml was used for blood stabilization. Inadequate and haemolytic specimens of blood were eliminated. Values of haemoglobin (Hb), haematocrit (PCV), mean corpuscular haemoglobin concentration (MCHC), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), erythrocyte (RBC) and leukocyte (WBC) counts were determined by standard methods (Svobodova et al. 1991) .
The blood was centrifuged at 400 g for 15 min at 4 °C and the resulting plasma stored at -80 °C until the day of analyses. Biochemical analyses of blood plasma were conducted using commercially available reagents using the ADVIA 1650 automatic analyzer (Bayer-Tarrytown, USA). All serum enzymatic activities were analyzed at 37 ºC.
Statistical analyses
Significance of the difference between every individual experimental and control groups was analysed by t-test using the Unistat 5.0 software. Significantly different indices compared to the control are marked by one asterisk (P < 0.05) or two asterisks (P < 0.01).
Results
Tables 1 to 4 present the main results of this study. In Table 1 there are results of haematological indices of fish exposed to cyanobacterial biomass in experimental ponds and in Table 2 there are results of haematological indices of fish transferred into dechlorinated potable water without any cyanobacteria. There were no significant changes of values compared to controls. In Table 3 there are results of biochemical indices of fish exposed to cyanobacterial biomass in experimental ponds. Statistical analysis of these data revealed an increase of ALP, total bilirubin, creatinine, urea, cholesterol and a decrease and a successive increase of Mg of exposed fish compared to the control fish. In Table 4 there are results of biochemical indices of fish transferred into dechlorinated potable water without any cyanobacteria. Statistical analysis of the data revealed an increase of lactate and iron and a decrease of total protein, urea, cholinesterase and phosphorus of exposed fish in comparisson to control.
Discussion
This study was focused on the effects of a natural cyanobacterial population with known amounts of microcystins on haematological and biochemical indices of the Nile tilapia (Oreochromis niloticus). Values of haematological and biochemical indices in this work only partially correspond with the results published by other authors (Tencalla et al. 1994; Navratil et al. 1998; Rabergh et al. 1991; Carbis et al. 1996; Kopp and Hetesa 2000) . Statistical analysis of the data revealed an increase of ALP, total bilirubin (day 7), creatinine (day 28), urea (day 14), cholesterol (day 21) and a decrease (day 14) and a successive increase (day 21) of Mg in fish exposed to cyanobacterial biomass and an increase of lactate and iron (day 35) and a decrease of total protein (day 56), urea (day 35), cholinesterase (day 42) and phosphorus (day 56) in fish transferred into dechlorinated potable water without any cyanobacteria. Liver enzymes (ALT, AST and LDH) are the most frequently tested enzymes for the indication of cyanobacterial toxicity in fish. Although our results showed an increase, no significant changes of these indices of hepatic damage were found. On the other hand, we found an increased value of total bilirubin which may indicate hepatic injury. The influence of toxic substances increased the values of bilirubin in the common carp (Pepeljnjak et al. 2003) . The concentration of bilirubin rises 8 h after intraperitoneal injection of microcystins (Carbis et al. 1996) . Higher concentration of toxic cyanobacteria in a natural lake caused the increase of bilirubin concentration in the serum of feral carps (Carbis et al. 1997) .
Compared to the control fish, exposure to cyanobacteria had effects on the serum ALP and cholinesterase (CHE) activities. An increased value of alkaline phosphatase indicates incorrect secretion of bile. The decrease of cholinesterase values may indicate chronic injury of the hepatopancreas. It has been shown that serum activities of ALP significantly S66 decreased and activities of CHE significantly increased in the silver carp exposed to toxic cyanobacterial population (Kopp et al. 2005) . We noted increased ALP and total bilirubin at the same time (day 7) and decreased CHE activities after the transfer of fish into dechlorinated potable water without any cyanobacteria (day 42). Our resulting activities of alkaline phosphatase and cholinesterase support the assumption that the liver tissue of experimental fish was slightly affected. Likewise, the increased values of creatinine (day 28), observed in the experimental fish group, indicate that the toxic population of S67 Table 3 . Plasmatic indices of fish in experimental ponds, i.e. first 28 days, weeks 1-4 (mean ± SD, n = 10).
Abbreviations: acid phosphatase (ACP), albumin (ALB), alkaline phosphatase (ALP), alanine aminotransferase (ALT), total bilirubin (BIL), creatinine (CRE), aspartate aminotransferase (AST), calcium (Ca), total protein (TP), glucose (GLC), magnesium (Mg), lactate (LACT), lactate dehydrogenase (LDH), phosphorus (P), iron (Fe), urea (U), cholinesterase (CHE), cholesterol (CHOL), * (p < 0.05), ** (p < 0.01). (Masopust 1998) .
In previous experiments, values of total protein significantly decreased after intraperitoneal application of pure microcystin-LR into the common carp , silver carp or were not changed in the carp (Carbis et al. 1996) . Changes of total protein under the influence of cyanobacterial populations were reduced in the common carp (Kopp and Hetesa 2000) and were not changed in the silver carp (Kopp S68 Table 4 . Plasmatic indices of fish in pure water, i.e. the second 28 days, weeks 5-8 (mean ± SD, n = 10).
Abbreviations: acid phosphatase (ACP), albumin (ALB), alkaline phosphatase (ALP), alanine aminotransferase (ALT), total bilirubin (BIL), creatinine (CRE), aspartate aminotransferase (AST), calcium (Ca), total protein (TP), glucose (GLC), magnesium (Mg), lactate (LACT), lactate dehydrogenase (LDH), phosphorus (P), iron (Fe), urea (U), cholinesterase (CHE), cholesterol (CHOL), * (p < 0.05), ** (p < 0.01). (Dabrowska et al. 1991; Kakuta et al. 1991; Williams et al. 1997; Kopp et al. 2005 ). In our experiment, a significant increase of lactate concentration (day 35) in blood plasma of experimental fish compared to the control may indicate a lower metabolic rate of lactate in the hepatopancreas and/or may be the result of stress from the effect of the cyanobacteria. The decrease of cholesterol levels may indicate slight damage of the hepatopancreas, similar to the significant increase of lactate levels. The negative effect of different pollutants at sublethal concentrations and stress of fish may be indicated by a decrease in cholesterol values (Gluth and Hanke 1985; Svobodova et al. 2006) . However, no decrease of cholesterol was found in our study; on the contrary, we noticed an increase.
Our results showed significant differences in electrolytes (Fe, Mg and P) after exposure of the fish to cyanobacteria. The Mg value decreased at first (day 14) and then increased (day 21). Values of Fe and P increased (day 35) and decreased (day 56), respectively. There are reports on a significant decrease in values of Ca and Mg, and a significant increase in Fe and P in the silver carp under the influence of a natural cyanobacterial population (Kopp et al. 2005) . The basic function of electrolytes in the body lies in controlling fluid distribution, intra-and extracellular acid-base balance, maintaining osmotic pressure of body fluids and normal neuromuscular irritability. Calcium and phosphorus ions functionally participate in maintaining normal irritability of the heart, muscles and nerves, as well as the selective permeability of cell membranes. Magnesium and iron are important for normal function of the kidneys, liver and proteosynthesis. Decreased or increased values of electrolytes in blood plasma indicated abnormal function of fish organisms.
Biochemical indices in fish are affected by many endogenous and exogenous factors. Liver enzymes (ALT, AST and LDH) are the variables most suitable as indicators of the toxicity of cyanobacteria after intraperitoneal or oral biomass application in fish. The toxic effect of cyanobacteria in fish under natural environmental conditions is many times weaker than after the intraperitoneal or oral administration. Long action of the low concentration of MCs may cause only mild changes of liver parenchyma without significant increases in ALT, AST and LDH. Our results document the fact that liver damage was not so severe as to cause changes in the activities of liver enzymes. Other indices such as ALP and total bilirubin may be the sign of impaired bile secretion due to lower food intake as well as a decrease of total protein and an increase of lactate, which may also be associated with higher stress. In comparison to previous studies we may conclude that the Nile tilapia, which forages on algae filtered from the water using tiny combs in the gills, is less susceptible to cyanobacterial toxins than non-phytoplanktonophagous fish such as the common carp. There are two possible hypotheses concerning the difference in susceptibility of the Nile tilapia and common carp. First, cyprinid fish have longer intestines with greater absorption capacity and are thus able to accummulate higher toxin concentrations. Second, fish such as the Nile tilapia digesting cyanobacteria come into greater contact with toxins and thus have better and more effective detoxification mechanisms. 
